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This  report  vaa  initiated  by  the  Flight  Control  Laboratory*  Wright  Air 
Development  Canter,  Wright -Patterson  Air  Foroa  Ease,  Ohio  and  presents  tha  r»- 
suit-  of  static  pressure  l.ig  tests  on  two  tubing  arrangmaents  for  the  J'-lOfi  air¬ 
craft  utilizing  various  pitot-static  tube  sensors.  Tha  data  contained  herein 
nupplementa  the  praaauro  lag  investigation  conducted  by  Lt.  7.  P.  laab  sad  re¬ 
ported  in  WaDC  Technical  Report  No.  57-351  'The  Influence  of  Geometry  Parameter* 
Upon  Lag  Errors  in  Airborne  Pressure  Measuring  Systems*.  In  accordanc#  with 
Contract  AF  33(600)-  32250  and  Teat  Request  dated  14  May  1957.  the  Inland  Testing 
Laboratories  of  Dayton ,  Ohio  under  the  supervision  of  Lt.  Iamb  arranged  the  mock- 
up  static  pressure  system  and  conducted  the  teste,  i-cr*  Paul  E*  Blatt  was  author 
of  the  supplement. 
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ABSTRACT 


Pitot-static  sanaor  deei^i  greatly  influences  the  lag  in  pleasure  1 rana- 
Mission  fro®  the  oenaor  to  fcbi  omnected  *vquipBK»nt  during  hif^a  spt.ed  meaeuwer. 

An  Investigation  of  the  effects  of  five  different  static  pressure  chambers  on 
the  overall  aystea  lag  was  conducted  on  a  F-106  aiivrcift  ®ock-up  with  3/Q  inch 
0»D  X  0.035  inch  wall  thlokneea  connecting  tubing.  Ru*2j1*jb  of  ih«  tests  indicate 
that  the  design  and  aim  ns  ions  of  the  static  pressure  c’jsaher  can  increase  the 
total  static  pressure  system  lag  by  as  such  as  a  factor  of  7.16  over  an  option® 
chamber  design  at  40*000  feet  altitude. 


PUBLICATION  REVIEW 

This  report  has  been  reviewed  and  is  approved. 
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The  primary  lag  invastig^ion  indicated  tba  lmpcrtanco  of  the  pitot-static  tube 
design  on  the  overall  static  pressure  lag  to  the  associated  squipmsnt,  so  the  lag 
•xpm -iaantatloo  was  extended  to  include  the  effects  of  five  different  static 
pressure  chamber  designs  on  tbs  optimum  7-106  aircraft  static  pressure  system 
determined  in  the  previous  report*  Although  the  exact  magnitude  of  the  lag  constant 
will  vary  with  aircraft  design  depending  upon  length*  of  tub lag  and  the  volume  of 
the  connected  equipment*  all  nose  bocsi  mounted  pitot-static  tubes  should  exhibit 
similar  effects  on  the  overall  lag  and  the  comparison  between  the  geometric  systems 
will  be  consistent  with  all  similar  aircraft* 


Design  of  the  pitot-static  tube  for  service  type  aircraft  la  limited  from  a  leg 
standpoint  in  that  the  tubs  should  be  of  minimum  diameter  to  limit  the  overall  length, 
weight  end  electrical  power  required  for  icing  protection*  One  method  has  been  to 
provide  an  annular  static  pressure  chamber  between  the  heater  element  and  the  pitot 
pressure  line*  This  has  a  definite  disadvantage  in  that  the  air  flow  during  high 
rates  of  dive  or  climb  must  pass  over  two  frictional  suffices  uhich  induce  Increased 
lag*  As  referenced  in  the  primary  report,  the  equivalent  diareter  (diameter  of 
simple  tube  of  unit  length  which  would  have  a  lag  equivalent  to  a  given  annular 
chamber)  for  such  a  construction  is  givan  by  the  equation t 


In 


°2 


where  and  Dj  are  respectively  the  outer  and  inner  diameters  of  the  annulus* 
Therefore  an  annular  chambar  having  an  area  equivalent  to  that  of  1/b  inch  0*D..yo.0j5 
tubing  in  which  T>2  a  0.25  and  *  0*308  actually  has  the  same  lag  aa  a  eiaple  tube 
with  a  O.09I4  inch  diameter*  Ho  advantage  in  size  based  on  response  is  gained  by 
such  a  design.  Also  fre*  an  aerodynamic  standpoint  wall  static  orifices  are 
advantageous  but  in  turn  degrade  the  response  of  the  overall  system.  Present  research 
data  indicates  that  the  optimum  point  for  the  static  orifloas  on  a  cylindrical  probe 
is  at  12  to  13  tube  body  diameters  behind  the  noae  and  at  a  radial  position  of  3?*5 
degree a  from  the  bottom  vertical  center  point*  The  lag  effect  can  best  be  reduced 
by  drilling  another  set  of  orlflcea  directly  behind  the  first  pair* 


In  an  attempt  to  increase  reliability  end  response  to  the  Central  air  data 
computer,  some  airframe  Contractors  have  investigated  a  pitot-static  tube  having 
dual  static  sources  in  which  one  source  supplies  static  pressure  to  t  hr  central 
air. data  computer  and  the  other  source  supplies  the  flight  instruments  and  other 
related  equipment.  The  result  has  been  a  tube  weighing  in  the  neighborhood  of  2*5 
pounds  and  requiring  at  least  720  watts  to  deles*  Tbs  primary  report  indicates  that 
a  single  3/8  inch  0*L.  tubing  arrangement  provides  slightly  better  resporre  to  the 
CADC  and  much  greeter  response  to  the  flight  instruments  than  the  dual  source  tube 
with  twin  1/g  inch  0J>.  lines.  Almost  identical  results  are  obtained  when  two  1/4  inch 
lines  are  teed  directly  behind  the  pltci-statie  tube* 
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SECTION  II 


TEST  PROGRAM 


2.1  Test  Equipment  and  Techniques 

The  static  pres  cure  syetsm  of  the  F-I06  aircraft  wae  mocked  up  utilizing 
3/6  Inch  X.035  tubing  with  simulated  instrument  volumes  as  shove  in  Figure  I. 

Firs  pitct-otalic  tubes  were  then  tsstad  on  this  basic  system  to  determine  the 
effect  of  the  static  pressure  chamber  design  on  static  pressure  lag.  A  second 
system  was  fabricated  with  two  J  inch  O.D.  X  0.035  tubes  teed  directly  behind 
the  pitot-static  tube  as  shown  in  Figure  2  (referred  to  hereafter  as  System  2) 
and  two  pitot-static  tubes  wen  tested  on  this  system.  Actual  pitot-static  tubes 
were  tested  where  poss5.ble,  but  for  sense  of  the  designs  it  was  nacasaary  to 
fabricate  moclcupe  of  the  static  pressure  chamber.  The  following  is  a  description 
of  the  pitot-static  tubes  tested* 

Fart  1.  MA-1  Developmental  Tube  haring  an  annular  static  pressure  oh  saber 
equivalent  in  area  to  that  of  0  {  O.D.  X  *035  inch  tube  with  an  inner  diameter  of 
0.25  inch  and  an  outer  diameter  of  0-306  inch. 

Part  2.  a  simulated  annular  static  pressure  chamber  haring  the  dimension* 
of  the  production  MA-1  pitot-static  tube  with  an  inner  diameter  of  0.236  inch 
and  an  outer  diameter  of  0.3857  inch.  The  chamber  waa  fabricated  as  shown  in 
Figure  3. 

Part  3.  a  tubular  static  pressure  chamber  3/8  inch  O.D.  X  0.035  Inc.::  with 
twin  static  orifices  drilled  as  shown  in  Figure  4*  This  design  proridad  a 
minimum  lag  characteristic  and  was  used  as  a  basis  of  ocsiparlson  for  all  other 
designs  tested. 

Part  4*  A  J  inch  O.D,  tubular  chamber  identical  to  Part  3  except  for  the 
outside  diameter.  See  Figure  5  for  dimensions. 

Part  5.  Aserrlce  type  AN58I6  pitot-stetic  tube  which  ia  installed  on  F-86, 
F-102  and  F-lOZj  aircraft  and  the  first  few  F-106  aircraft.  This  tuba  haa  a 
3/16  inch  O.D.  static  pressure  line  ieadout  from  the  chamber  to  the  coupling* 

The  method  of  determining  the  lag  waa  identical  to  that  of  the  primary 
report  in  which  the  pitot-static  tuba  waa  mounted  in  an  evacuated  chamber  and 
a  constant  rate  of  flow  into  the  chamber  was  obtained  by  the  use  of  calibrated 
chocked  orifices  au  shown  in  Figure  6.  Pressure  transducers  measured  the  pressure 
drop  between  the  large  chamber  and  the  various  instrument  roluoes  and  the  out¬ 
puts  of  the  transducers  *s re  recorded  by  oscillograph.  The  main  chamber  was 
evacuated  to  a  pressure  equivalent  to  80,000  feet  and  then  reduced  to  sea  level 
pressure  at  th*;  rate  of  0.1,  0.2,  0.3,  and  0.4  pounds  per  square  inch  per  second. 

An  unstable  pressure  condition  existed  between  the  cvnmber  and  the  system  volumes 
due  to  the  initial  inrush  of  air  when  the  chamber  valve  was  opened.  This  transient 
condition  stabilized  at  a  pressure  equivalent  to  approximately  50,000  feet  and  then 
became  a  constant  rate.  Data  was  reduced  from  the  oscillograph  record  at  intervals 
of  approximately  10,000  feet. 

r> 
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The  lots!  experimental  lag  constant  (viscous  lag  plua  acoustic  lag)  was 
dsterained  by  dividing  the  pressure  drop  in  pounds  per  square  Inch  by  the  laput 
rate  in  pounds  per  square  inch  per  second  for  each  individual  group  of  instruments. 
The  lag  constant  in  seconds  was  plotted  versus  altitude  in  feet  for  each  system  and 
pitot-static  tube  fcr  each  input  rate.  The  curve  was  then  averaged  between  input 
rates  to  obtain  &  workable  lag  constant*  Figaros  7  through  11  present  the  results 
of  the  lag  investigatiois  versus  altitude*  System  No,.  2  lag  results  are  ores  anted 
In  Figures  12  and  13* 

2,2  Test  Results  and  Analysis 

Considerable  scatter  existed  between  t  he  experiment*!  lag  constants  with  various 
input  rates  et  high  altitudes*  This  was  determined  to  be  the  effects  of  an  increase 
in  Reynolds  Number  as  the  flow  changed  from  laminar  to  transitional*  Consistent 
curves  ware  obtained  for  th*  individual  preeaura  rate  inputs  so  the  orifice  method 
of  rate  input  could  not  be  questioned. 

Results  of  this  investigation  provs  the  vast  importance  of  the  static  source 
deal  go  on  the  overall  lag  of  the  static  pressure  system. 

Using  the  3/8  inch  O.D.  tubular  static  pressure  chamber  (Part  3)  ®3  the 
maximum  practical  size  for  minimus  lag  of  a  service  type  pltet-static  tube,  this 
system  was  used  as  a  basis  fcr  comparison  of  the  other  pltet-static  tube  designs. 
Figure  14  provides  a  graphical  comparison  of  the  lag  effects  of  the  five  pitot- 
ctatle  tubes  on  the  F-106  aircraft  central  air  data  computer  utilizing  3/0  inch 
O.D.  connecting  tubing  throughout.  At  ijOiOOO  feet  altitude  the  minimum  leg  constant 
of  0.126  seconds  was  obtained  with  the  3/8  inch  O.D.  tubular  chamber  and  the  other 
chamber  designs  produced  lag  constants  as  high  as  0.^02  seconds  with  the  Mx-1 
development  tube*  This  latter  time  constant  is  7*16  times  greeter  at  40,000  feet 
then  that  of  the  optlmium  tube  design*  It  is  interesting  to  note  the  large  lag 
constant  caused  by  the  standard  AN5916  pitot-static  tube  and  especially  the  magnitude 
of  the  lag  at  sea  level  in  comparison  to  the  other  designs  tested.  This  effect  Is 
caused  by  the  small  3/16  inch  O.D.  tube  leadout  from  the  static  pressure  chamber 
to  the  connecting  tubing.  The  HA-1  production  pitot-static  tube  with  annular 
chamber  exhibited  u  lag  effect  practically  equal  to  that  of  a  single  \  inch  0,D, 
tubular  chamber. 

One  single  3/8  inch  O.D.  line  still  proved  to  be  the  most  satisfactory  from 
a  lag  standpoint  as  established  in  the  primary  report*  A  comparison  of  the  log 
associated  with  these  three  systems  is  shown  in  Figure  13*  It  appears  that  there 
is  a  point  at  which,  for  large  instrument  volumes  knd  extensive  tubing  lengths 
(such  as  in  wing  boom  mounted  pltot-etatlc  installations ),  two  £  inch  0*D.  tubst 
will  produce  a  lag  constant  for  the  C.A.D.C.  that  is  slightly  smaller  them  that 
produced  by  a  single  3/8  inch  O.D.  tube*  From  a  -.’sight  standpoint  the  twin  i 
inch  0*D.  lines  penalize  £he  system  considerably*  In  gereral,  the  best  combination 
for  weight,  lag  and  simplicity  of  Installation  is  obtained  with  3/8  inch  O.D.  X  0.033 
tubing* 
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SECTION  II 


CONCLUSIONS  AND  HBCOWOTOa TICKS 
/ 

The  following  conclusions  and  recommendations  are  presented  concerning  the 
result*  of  tho  investigation  Into  the  effects  of  the  pitot-static  tube  design  on 
static  pressure  lag: 

1.  The  static  pressure  chamber  design  of  the  pitot-static  tube  can  be  the 
critical  factor  in  the  total  static  pressure  system  lag. 

2,  Tubular  static  pressure  chambers  no  smaller  than  .1/4  inch  inside  diameter 
are  recommended .  If  an  annular  chamber  is  necessary,  it  should  be  a  minimum  of 
3/16  inch  equivalent  diameter. 

3*  The  AN5816  pitot-static  tube  produces  a  lag  factor  which  is  excessive 
for  Mgh  performance  aircraft.  It  is  recommended  that  all  century  aeries  air¬ 
craft  equipped  with  this  tube  be  retrofitted  with  the  115  volt  Type  MA-1  pitot- 
static  tube  or  its  28  volt  counterpart,  the  Type  TFU-l/A  tube. 

4*  Future  pitot-static  tube  designs  should  be  carefully  analyzed  an  to  the 
lag  factor  resulting  from  the  Internal  design.  The  basic  theory  accurately  defines 
the  response  characteristics  of  circular  chambers.  Additional  tests  may  be  required 
if  the  design  differs  radically  from  the  circular  cross  section. 
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Sample  Recording  of  Differential 


H#aeured  in  nilliaetex'ar'&Zfcd  converted  Llferfcer  Pipe 

fro*  calibration  curve*  in  appendix.  Ttrwj  10,000  ft. 
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FIG.  7  -  VARIATION  OF  LAO  CONSTANT  WITH  ALTITUDE  FOR  STSTW  i,  PART  1 
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variation  of  lag  cckstant  with  altitude  for  systim  1,  part  2 


ALTITUDE 


ko,ooo. 


I 


35,000. 


30,000, 


25,000. 


20,000. 


15.000. 


10,000. 


5,000. 


0 


LAG  CONSTANT  -  SECONDS 
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FIG.  15  -  RESPONSE  CHARACTERISTICS  OF  VARIOUS  TOEING  ARRANGEMENTS  CF  THE  STATIC 
PRESSURE  SYSTEM  OF  THE  F-106A  AIRCRAFT. 
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